Iodine transfer terpolymerization of two monomers bearing an SF 5 group, i.e. 1,1,2-trifluoro-2-pentafluorosulfanylethylene (F 2 C=CFSF 5 ) and pentafluorosulfanylethylene (H 2 C=CHSF 5 ), with 1,1-difluoroethylene (or vinylidene fluoride, VDF) and hexafluoropropylene (HFP) is presented. These pentafluorosulfanyl monomers present a peculiar reactivity. They do not homopolymerize by conventional radical polymerization, but they co-and terpolymerize with the above fluorinated olefins. The resulting fluorinated terpolymers were characterized by 19 F and 1 H NMR spectroscopies which enabled the assessment of the molar percentages of the three comonomers. Size exclusion chromatography and NMR characterizations were also used to assess the molecular weights, M n , ranging between 260 and 8 400 g/mol.
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INTRODUCTION
Fluoropolymers exhibit remarkable properties, [1] [2] [3] [4] [5] such as chemical inertness (to acids, bases, organic solvents), low dielectric constants and dissipation factors, hydrophobic and oleophobic properties, excellent weathering, and interesting surface properties. Hence, these high-value-added-materials can find applications in many fields of high technology:
aeronautics, 6 microelectronics, 7 optics, 8,9 textile finishing, 10, 11 in the nuclear industry, 12 in paints and coatings 13 and military use. 14 Improvement of the properties of the fluoropolymers can be achieved from the copolymerization or the terpolymerization of monomers bearing functional group(s) born by the co-or termonomers. Among commercially available fluoroalkenes, vinylidene fluoride (VDF) is commonly used and regarded as an attractive monomer. It possesses a reactivity close to those of tetrafluoroethylene, trifluoroethylene and chlorotrifuoroethylene, but it is much less dangerous (it is not explosive and has a low toxicity) and is a precursor of thermoplastics or elastomers 4, 5 endowed with interesting properties.
Pentafluorosulfanyl (SF 5 ) grouping polymers imparts original properties, such as highperformance lubricant and oil resistance properties, protective surface coatings, and insulating properties [15] [16] [17] [18] . These interesting properties provide significant motivation to synthesize polymers bearing SF 5 , e.g. polyfluoroalkylacrylates, 19, 20 polyfluoroalkylsiloxanes, 21 polyimides containing SF 5 (CF 2 ) n -groups (n = 0, 2), 22 just like polystyrene bearing the SF 5 CF 2 CF 2 -group. 23 Thus, the use of monomers which possess an SF 5 group allowed the preparation of organic superconductors, 24 SF 5 -organic metals/organic semiconductors, 25 ionic liquids, 26 and of liquid crystals. 27 In a previous study 28 , the homopolymerization, copolymerization and terpolymerization of SF 5 containing-monomers with commercial fluoroalkenes was investigated by conventional radical polymerization. However, poor control of the molecular weights, the high polydispersity indexes (PDIs) and the presence of non-functional end-groups to achieve functional or telechelic polymers was considered to limit the use (e.g. block copolymers or thermoplastic elastomers) and the applications of these copolymers. Therefore, to overcome these drawbacks, a major goal of this work became a controlled radical copolymerization of these monomers. Indeed, the peculiar reactivity of these fluorinated olefins allows the control of the radical polymerization by iodine transfer polymerization (ITP) 4, 5, 29 only. Actually, neither atom transfer radical polymerization (ATRP) 30 , nor nitroxide mediated polymerization (NMP) 31 , nor reversible addition fragmentation transfer (RAFT) 32 of fluorinated olefins has successfully been reported in the 4 literature. ITP is a powerful technique which allows the synthesis of monofunctional and telechelic polymers terminated by iodine atom(s) 4, 5, 29 . Such end-groups can be modified to obtain polymers terminated by reactive groups. Furthermore, ITP allows the synthesis of different commercially available products, for example thermoplastic elastomers (TPE). [33] [34] [35] [36] [37] [38] [39] The objectives of the present article concern the study of the radical terpolymerizations of VDF and hexafluoropropylene (HFP) with two different pentafluorosulfanyl monomers by iodine transfer terpolymerization in the presence of C 6 F 13 I as a degenerative chain transfer agent. The influence of the structure of both the SF 5 -monomers, i.e. F 2 C=CFSF 5 and H 2 C=CHSF 5 , on the controlled character of the ITP was investigated, i.e. the correlation between targeted and experimental average degrees of polymerization (or average molecular weights) and the polydispersity indexes. Moreover, the behaviors between both these monomers according to the technique of polymerization (i.e., conventional and controlled radical polymerization) have also been compared. Indeed, different yields and compositions have been observed between both kinds of polymerization. In addition, the effect of the incorporation of SF 5 -monomer during the polymerization of VDF onto the reversed additions has also been considered and compared to the results achieved from the ITP of VDF. Lastly, the thermal properties of the resulting fluorinated terpolymers versus the molecular weights have been investigated, which was not reported in our previous study 28 . INSERT SCHEME 1
During the course of the reaction, a drop of pressure was observed, which was assigned to the incorporation of both gaseous monomers into the terpolymers. After reaction, the solvent was removed by distillation, and the resulting terpolymers were purified by precipitation from cold pentane. After separation and drying, brown rubber-like polymers were obtained.
Mechanistic of ITP
Iodine transfer polymerization (ITP) is a degenerative chain transfer polymerization (DT) requiring alkyl iodides 4 . ITP was developed in the late seventies by Tatemoto et al. 34, [37] [38] [39] at the Daikin Company, and then was confirmed by other companies, such as Dupont de
Nemours (now, Dupont Performance Elastomers) 40 , Ausimont [41] [42] [43] (now Solvay Solexis) and recently by Tosoh T-Tech Co. 44 . The mechanism of iodine transfer polymerization (ITP) with alkyl iodide is shown in Scheme S1 in the Supporting Information.
The initiating radical, A°, generated by thermal decomposition of a conventional initiator (such as tert-butylperoxypivalate, TBPPI) in step a), can be added onto M monomer (minor reaction) in step b or onto R-I (to lead to R°, major reaction) in step b'), and the resulting radical propagates (step d). The exchange of iodine from the transfer agent, R-I, to the propagating radical, P n°, results in the formation of the polymeric alkyl iodide, P n -I, and a new initiating radical, R° (step c). Large differences in the stability of the reactants and products involved in step 4 could result in shifting the equilibrium overwhelmingly to the right or to the left. Therefore, the ideal case is when the structure of R closely looks like that of the propagating radical, resulting in a thermodynamically neutral transfer step. In step d), R°, generated from the alkyl iodide, adds onto a monomer unit. The exchange process described in step 6 is thermodynamically neutral, because P n and P m propagating chains exhibit the same structure. As in any radical process, the termination occurs with alkyl iodides in ITP polymerization (step e)). Minimizing the termination step remains essential to keep a good control of the polymerization (step f)). Ideally, in ITP, to obtain polymer with a narrow molar mass-distribution the rate of exchange should be higher than that of the propagation.
ITP allows one to control a great variety of hydrogenated monomers, such as acrylates 45 
Characterizations of the poly(VDF-ter-HFP-ter-SF 5 M) terpolymers by 1 H and 19 F NMR spectroscopies
The microstructures of these resulting terpolymers were characterized by 1 were assessed by 19 F NMR (e.g., Figure 1 ) from equations 4, 5 and 6, respectively: The compositions of the terpolymers are given in Table 1 . Whatever the concentration of the chain transfer agent, they were close (runs 2-4) to the compositions obtained by conventional radical polymerization (run 1) under the same experimental conditions.
Moreover, the final molar percentages of VDF are higher than those in the feed and are in good agreement with those assessed from the conventional radical polymerization observed in our previous work 28 .
Finally, it is noted the absence (or not detectable by 19 
INSERT TABLE 1
The 1 H NMR spectra ( Figure S5 and S6 in the Supporting Information) of poly(VDFter-HFP-ter-CF 2 CF(SF 5 )) terpolymers for two concentrations of chain transfer agent (CTA) ( Interestingly, the peak centered at 2.5 ppm of negligible intensity shows the quasi-absence of tail-to-tail addition of VDF (-CF 2 -CH 2 -CH 2 -CF 2 -) for both low and high molecular weights.
This may be an evidence of the controlled radical copolymerization showing that each VDF unit is incorporated in a regioselective way in the poly(VDF-ter-HFP-ter-CF 2 CF(SF 5 ))
terpolymers. This also indicates the high transfer constant of C 6 F 13 I and confirms previous studies 29 , 51 on the iodine transfer copolymerization of VDF in the presence of C 6 F 13 I.
Assessment of the iodinated functionality in the poly(VDF-HFP-SF 5 M) terpolymers:
In the course of the radical terpolymerization of VDF, HFP and SF 5 monomers in the presence of C 6 F 13 I, it is possible to obtain 6 chain-ends, i.e. Further, according to the CTA concentration in the medium, the functionalities in -CH 2 CF 2 I and -CF 2 CH 2 I are different. Indeed, a decrease of CTA concentration (and hence an increase of the molecular weight) induces a decrease -CH 2 -CF 2 I functionality (from 0.7 to 0.3). The low reactivity of -CH 2 I explains its accumulation in the reactional medium (Table   3 ). This observation is in agreement with the results obtained for the ITP of VDF in the presence of CTA 29, 51 . Indeed, VDF is an unsymmetrical monomer and the produced macroradical generated in the propagation step may add onto CF 2 or CH 2 sites (Scheme 2 in Supporting Information). 51 As a matter of fact, it is known that PVDF contain microstructures defects linked to the presence of reversed VDF addition since tail-to-tail, or head-to-head 
Evolution of the molecular weights and PDI versus monomer conversion.

Radical terpolymerization of VDF with HFP and H 2 C=CHSF 5
The same above reaction was carried out in the presence of CH 2 =CHSF 5 monomer instead of F 2 C=CFSF 5 i.e. a similar initial molar feed of 74/17/9 was chosen for VDF/HFP/SF 5 ).
During the course of the reaction, a slight drop of pressure (from 15 to 12 bars) was observed, which was assigned to the incorporation of the gaseous monomers into the terpolymers. After reaction and purification, the resulting terpolymer obtained in poor yield (10-20%) was characterized by 19 F and 1 H NMR spectroscopy and by SEC. Indeed, it can be assumed that the highly electronegative SF 5 induces the easiness of iodine living group.
In conclusion of this NMR study, we observe for the terpolymerization of VDF, HFP and H 2 C=CHSF 5 the formation of an alternate structure, i.e. C 6 F 13 -[CH 2 CF 2 -CH 2 CH(SF 5 )] n -I, of low molecular weight. This assumption was confirmed by the absence of signal centered at -92.0 ppm (assigned to the normal VDF addition -CH 2 CF 2 -CH 2 CF 2 -) attributed to VDF and the absence of (-CH 2 CF 2 -CH 2 CF 2 -) in 1 H NMR is in good agreement with this assumption.
SEC analysis shows that the terpolymer obtained exhibits a low molecular weight and low polydispersity index (M n = 600 g/mol and PDI = 1.2 (Table 1) ). The experimental and targeted molecular weights are not in agreement (M n , targeted = 2,000 g/mol and 5,000 g/mol). The same result was obtained when using different CTA concentrations. The major obtained product corresponds to the monoaddition of C 6 F 13 I onto CH 2 =CHSF 5 (to leading to C 6 F 13-CH 2 CH(SF 5 )-I). The C-I bond of this product (i.e., C 6 F 13-CH 2 CH(SF 5 )-I) appears to be very stable and do not react (and hence does not lead to any transfer).
In conclusion, pentafluorosulfanylethylene can not be terpolymerized in the presence of VDF and HFP by iodine transfer polymerization in suitable yields as for F 2 C=CFSF 5 . Indeed, after radical addition of -CF 2 I onto CH 2 CH(SF 5 ), the produced species -CF 2 -CH 2 CH(SF 5 )-I exhibits a low transfer constant and can not be used as a further macrotransfer agent.
Thermal properties.
The thermal properties of poly(VDF-ter-HFP-ter-F 2 C=CFSF 5 ) and poly(VDF-ter-HFP- terpolymerization. In addition, C 6 F 13 CH 2 CHISF 5 monoadduct produced as a by-product, and could not re-initiate a further the terpolymerization. This could arise from a C-I bond that is not labile enough to enable a transfer in the radical polymerization but was not able to undergo a dehydroiodination to lead to C 6 F 13 -CH 2 =CHSF 5 . Furthermore, the formation of terpolymers bearing -CF 2 H end-group attributed to a transfer reaction also induced a lack of control of the terpolymerization and favored short chain lengths. Further work is in progress regarding the synthesis of block copolymers based on F 2 C=CFSF 5 monomer. 
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